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Abstract
Amphibians are highly susceptible to environmental degradation in the form of pollution 
and are therefore considered an indicator for pollutants. Amphibian populations have been on the 
decline in recent years and possible causes have been subject of much recent research. One 
possible contributor to the decline is the effect of the use of road de-icing salts on the availability 
of viable habitat choices. Road salt, primarily NaCl, is one of the leading contributors of chloride 
in aquatic environments in northern climates. Salt from road run-off has the ability to affect 
amphibians directly by causing a reduction in offspring fitness, resulting in mortality or 
deformities in embryos and juveniles. Secondarily, it has the ability to affect the behavior of 
adult amphibians during breeding site selection. Few studies have focused on the secondary 
effects of salt on the behavior of amphibian species. Furthermore, still fewer have delved into the 
possibility of adaptation of different populations to salt stressors, enabling frogs to tolerate the 
higher salt concentrations of their surrounding habitat. This study focused on quantifying the 
behavior of adult Spring Peepers, Pseudacris crucifer, in the presence of a saline water. Peepers 
preferred lower salt concentrations, but may require more than a few minutes to detect and 
respond to salt in water, especially at low to moderate levels. As salt concentrations increased, 
there was a greater loss of mass in the frogs. Ultimately, the frogs showed preference for 
salinities that were around or below their own osmolarity and strong aversion to high salt 
solutions. High salt concentrations in vernal pools attributed to by road salt run off could cause a 
shift in breeding behavior and/or migration to less polluted pools. Salinized water has been 
implicated in the increase of deformities and increased mortality during the embryonic and larval 
stages. Both of these responses to salt pollution, acting synergistically, could lead to local 
extirpation of sensitive amphibian species.
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Introduction
Amphibians throughout North America have faced serious declines in recent years.
Many studies point to climate change, emerging infectious diseases, loss of habitat, and water 
molds (Karraker and Ruthig 2009) as possible causes. Another hypothesis in the Mid-Atlantic 
and North-Eastern states of the U.S is that the use of road deicing chemicals could be affecting 
the availability of quality breeding habitat for amphibian species. The most common road de­
icing chemical, sodium chloride (NaCl), is used to raise the melting point of ice so roads remain 
ice-free at low temperatures (Collins and Russell 2009). In the Twin Cities Metropolitan Area 
alone (Minnesota), 317,000 tons of NaCl are applied annually (Novotny, Murphy, and Stefan 
2008). Urban lakes in the Twin Cities Metropolitan area had Na+ and Cl- concentrations that 
were ten to twenty-five times higher than in non-urban lakes. These high salt concentrations were 
even noted to prevent oxygen mixing and reaching the benthos in the spring (Novotny, Murphy, 
and Stefan 2008).
Organisms that inhabit freshwater ecosystems must maintain a static internal osmotic 
pressure higher than that of their environment. These organisms must expend energy to maintain 
ion concentrations through uptake of salt and excretion of excess water. If environmental salt 
concentrations become hyperosmotic to the animals, the problem reverses, and they either have to 
acclimate or spend energy to excrete excess salts and prevent dehydration (Cañedo-Argüelles et 
al. 2013). This is especially critical for amphibians, which have extremely permeable skin that is 
used for osmoregulation as well as respiration (Hillyard 1976). High environmental salinity is 
particularly serious when amphibians are in their aquatic larval stage, as many species seem to be 
more sensitive at this stage (Sanzo and Hecnar 2006, Harless 2012).
Amphibians are highly susceptible to change in the environment, especially chemical 
concentrations, due to their highly permeable skin. High sodium chloride concentrations in
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ponds effects the growth patterns of larval amphibians by irreversibly slowing their growth rate 
and delaying metamorphosis (Wu, Gomez-Mestre, and Kam 2012). Surveys of breeding spotted 
salamanders (Ambystoma maculatum) and wood frogs {Rana sylvatica) found that egg masses 
were fewer and less dense in pools closer to chemically treated roads than those found in forest 
pools. Embryonic and larval survivorship is low in pools of moderate salinity, particularly for the 
highly sensitive A. maculatum, which could lead to extirpation of the species in areas susceptible 
to road salt run-off (Karraker, Gibbs, and Vonesh 2008).
The salinity of ponds changes temporally and spatially. It has been found that during 
early spring, salt concentrations are the highest and thus put larval amphibians at great risk to 
toxicity. Salt levels dilute in late spring and summer from abundant spring rains. Salt pollution 
affects the biodiversity of ponds, with salt sensitive species being absent at ponds with even 
moderate salt intrusion (Collins and Russell 2009). Hatchlings from ponds contaminated with 
NaCl or MgCf have higher rates of deformities than those from uncontaminated pools. Spinal 
deformities, cysts, and shrunken or missing limbs and organs have been found in higher 
proportions of hatchlings from pools contaminated with road de-icing salt run-off (Hopkins, 
French, and Brodie Jr 2013).
Many of the studies of the effects of road deicers on amphibians have focused on the 
development of the of tadpoles and larva, changes in egg mass, and the ability of larva to rebound 
from salt stress once removed from the stressor (Karraker and Ruthig 2009, Karraker and Gibbs 
2011, Wu, Gomez-Mestre, and Kam 2012, Sanzo and Hecnar 2006). However, a small number 
of studies have investigated adult responses to increased salinity. A previous study on toads 
indicated that epithelial transportation of Na+ ions across the skin is partnered with sensory 
nerves in the skin and water gain through the skin (Hillyard et al. 1999). This mechanism may be 
what allows amphibians to detect salinity and change their behavior in response.
Rana temporaria may select spawning sites based on conductivity of the water. This was 
illustrated by field observations of conductivity in naturally occurring pools and visual
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observation of clutch number. Fewer egg clutches were laid in pools with high conductivity than 
pools with lower conductivity. Lower observed overall survivorship of larva from pools with 
high conductivity is indicative of the inherent risk of spawning in high salinity pools (Viertel 
1999).
P. crucifer is a small species of chorus frog that weighs roughly one gram. This species 
is wide spread in temperate habitats from as far south as Florida to as far north as Canada. When 
P. crucifer breeds depends on the climate of the region. Peepers in Florida may breed during a 
cool rainfall of late January and their breeding season may last several months while peepers in 
New England and Canada breed for a couple short weeks during the summer months (Carr 1940). 
In New Jersey, they tend to emerge at spring thaw, migrate during the first soaking rain of the 
spring, and breed for several weeks. Spring peepers lay clutches of eggs that number roughly 900 
eggs that are 1.10 mm in size (Gosner and Rossman 1960). There is little to no parental care. 
Peepers reach sexual maturity at one year of age (Collins 1975).
These frogs are of interest to the herpetological world, in part, due to their ability to 
tolerate freezing temperatures. Peepers can withstand temperatures of -6°C for five days with up 
to 35% of their body fluids frozen. Glycerol is found in high concentrations in P. crucifer during 
the winter months and is absent during the summer (Schmid 1982), which can be attributed to 
their freeze-tolerance. The chemicals used to help freeze-tolerant frogs live through freezing 
temperatures, urea and glycerol, are evolutionarily rooted in coping osmotic stress (Higgins and 
Swanson 2013). This study aimed to look at the effect of road salt on one of New Jersey’s freeze 
tolerant species, with an ultimate goal of understanding whether origin has any effect on the 
response of frogs to NaCl.
The two goals of this study are to: 1) describe response of peepers to salinity and 2) to 
test whether populations of peepers from different habitats with different levels of salt exposure 
have different responses to salinity, suggesting acclimation or adaptation. We predicted that 
amphibians from environments affected by road salt would show more aversion to salt, whereas
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amphibians from a pristine environment would show less of a reaction due to inexperience with 
that pollutant. Three different breeding locations were examined during this study: a roadside 
pool located less than 16 meters down a steep embankment from a main county road, a pool 
located an intermediate distance from a road (305 meters from the same county road, located in 
the forest), and a breeding location that is nestled in the middle of hundreds of acres of state 
forest and miles from the nearest heavily salted and commuted road. The first two locations were 
in Swartswood State Park in New Jersey. The pristine site was in the New Jersey School of 
Conservation, a 250 acre preserve nestled in Stokes State Forest, which shares a border with High 
Point State Forest, and the Delaware Water Gap National Park. .
Materials and Methods
Animal Collection & Care:
Male frogs were caught by hand at dusk while chorusing. Twenty individuals were 
caught from each of the three locations. The frogs were placed in 15.24x30.48 cm plastic 
portable aquaria after capture and brought to the lab. Each of the populations was kept in a 
separate 37.85 liter terrarium. The terraria were equipped with coconut bark substrate, peat moss 
to burrow into, pieces of plastic mesh, measuring 15-25 cm in length and 5-8 cm in width, which 
allowed the animals to climb, and a water bowl. The animals were fed and given fresh aged-tap 
water every 2-4 days. The lighting in the lab was 12 hours of light, 12 hours of dark. The room 
was kept below 30 degrees Celsius throughout the trials.
The frogs were not toe clipped for identification to avoid stressing the animals since P. 
crucifer is a climbing frog species and need their toe pads to function naturally. Instead, the 
Peepers were house independently to ensure individuals could be followed through each 
experiment. During the trial periods, the frogs were temporarily housed in .5 L clear plastic 
containers with air-flow holes on the top of the sides of the container. Each container had a pad 
of peat moss with a pool of aged tap water on the bottom for frogs to soak in. The animals were
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fed every other day during trials and water was cleaned when they were fed. To minimize stress, 
the animals were not kept in the temporary containers for longer than eight days.
Experiment 1: Ten-minute choice trials
The choice trials were run in a 15 cm diameter plastic Petri dish bisected with a plastic 
pipette which was taped down with packing tape. The pipette acted as a barrier to water 
movement but the test animals were able to move about freely. In each trial, a halved piece of 
circular filter paper was soaked in salt solution (test solution) and the other half in aged tap water 
(control); each half was separated by the pipette when placed in the test arena (Figure 1). Test 
solution concentrations were 0.0 M, 0.1 M, 0.2 M, 0.3 M, 0.4 M, or 0.5 M NaCl.
Frogs were randomly assigned test concentrations by the rolling of a die. The test 
solution side was determined by flipping a coin for each run. The frogs were taken out of the 
communal aquarium at random, were rinsed with aged tap water, and were weighed using an 
electronic balance and their masses were recorded to the nearest .00 lg. The frogs were then 
placed on the test solution side of the test arena, and their behavior was observed for ten minutes. 
The behavior was characterized as sitting (SIT), standing (STAND), moving (MV), or water 
absorbing (WR). Sitting behavior was when the frog’s hind legs were tucked under him and his 
front legs perched his upper body upright or all four legs were tucked under him. Standing 
behavior was when a frog had three or more legs extended and his belly and hind end lifted off of 
the filter paper or with his hind legs folded underneath him and his front feet up against the side 
of the test arena. Anytime the frogs were moving around in the Petri-dish they were considered 
to be moving. Finally, water absorption was a behavior that they exhibited when they were 
absorbing water through their pelvic pouch. This behavior was exhibited when their belly was 
flat against the paper and their hind legs were splayed out and to the side of them. The frogs were 
considered to be IN the solution if they were on the test side of the arena or OUT of the test 
solution if they were on the aged tap water filter paper. The frogs’ location, IN or OUT, and their 
behavior (SIT, STAND, MV, WR) were recorded throughout the trial.
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After each of the timed trials was complete, the frogs were massed again to look for 
changes in mass. After the trial, the frogs were housed independently. The frogs ran three runs 
each. To avoid the possibility of a learned response to the salt concentration, the frogs were 
originally tested only three times. Each of the runs had a randomized test concentration. Each of 
the three runs was given on consecutive days, so the animals’ time in the temporary containers 
was kept to a minimum. During the second experiment, a different approach was taken, and a 
repeated measures design was implemented.
Experiment 2: Thirty-minute choice trials
In the second experiment, the frogs were housed and tested using the same set up as in 
experiment 1. Between the tests, the animals had over two weeks to recover from their 
experience in Experiment 1. Each animal in this test was also selected randomly from the group 
aquarium and housed independently during the trials to ensure the ability to track which frog 
received which treatments and in what order. Due to the loss of individuals, all frogs were tested 
in all of the treatments to ensure sufficient sample size. In this repeated measures design each 
frog underwent each of the treatment options but in different sequences so no frog experienced 
the treatments in ascending order of concentration. The side of the treatment randomized by coin 
toss for each frog, as it was in experiment 1. Frogs were then placed in the test solution and their 
behavior was observed and recorded for thirty minutes. The behaviors were recorded as they 
were in the first experiment. Their location within the test arena was also recorded as it was in 
experiment 1. After each run, the mass of each frog was recorded and they were housed 
independently, as aforementioned.
Results
Initial site results, acclimation, and sample size:
The water samples (three replicates per pool) for each pool of origin were tested for Total 
Dissolved Solutes (TDS) and conductivity (pS/cm, a proximity for chloride concentration) using
13
a conductivity meter (Orion 5-Star). Three measurements were taken for each of the locations’ 
samples. The NJ School of Conservation had the lowest conductivity and the roadside pool had 
higher conductivity, while the intermediate pool (Swartswood Far Pool) had the highest 
conductivity of all (Table 1).
Prior to beginning the study, animals were allowed to acclimate to captivity for two 
weeks. There was some initial mortality as they adjusted. One population in particular, the 
Swartswood Forest Far Pool population (SWFFP), lost a significant number of animals prior to 
the start of the study. It was therefore thought best to leave that population out of the ten-minute 
trials in order for the group to stabilize. The population did stabilize over time and participated in 
the thirty-minute test runs and were included in the analysis for that experiment.
Aversion: time spent in salt solutions
The total time frogs spent in the test solution decreased as the test concentration increased 
in salinity. During the ten-minute trials the peepers spent significantly more time in the lower 
concentrations (ANOVA, P=.0003) and less time in the higher concentrations during the ten- 
minute trials. During the thirty-minute trials, peepers showed an even clearer response to salinity 
(ANOVA<P=.0002). The frogs show a clear aversion to a salinity between 0.1 and 0.2 M NaCl 
for both experiments, however, the thirty-minute trial has a much clearer drop off at that salinity 
(Figure 2).
The total time spent in the solution was graphed for each trial by site and concentration. 
The ten-minute trials showed a lot of variability between the sites. The School of Conservation 
frogs demonstrated avoidance in higher concentration while the Swartswood Forest Roadside 
Pool showed no clear pattern (Figure 3a). The thirty-minute trials show a wide variation in 
response to test concentration, but there is a clear drop off for every population at around 0.2 M 
NaCl, with some individuals staying in the higher solutions a bit longer than the others (Figure 
3b).
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Population origin did not affect time spent in the test concentration for the frogs 
(P=.5686). Due to that finding, a power analysis was run. The power of origin on time in test 
solution was .1435 (N=304), indicating a low power to detect site differences.
Aversion: EC5q calculations
During each trial, Peepers showed a downward trend in time spent in the test solution 
between the concentrations of 0.1 and 0.2 M NaCl and spent significantly less time in the higher 
concentrations of 0.3M, 0.4 M, and 0.5 M concentrations for the ten-minute trials. Distribution of 
time in the solution was not normally distributed nor linear. Therefore, the data was transformed 
to a binary variable for aversion for further analysis (Figure 4a). The mean amount of time that 
the spring peepers spent in the control concentration was divided by two, giving a threshold 
value. The threshold value then became the number that we based our “tolerance/aversion 
response” by; any frog that spent more than 225 seconds in the test solution was considered 
tolerant, while any frog that spent less than 225 seconds was considered to show aversion. The 
EC50 (effective concentration-50) was established by finding the concentration at which 50% of 
individuals showed aversion to the test solution. The EC50 for the ten-minute trials was found to 
be 0.225 M with a 95% confidence interval of .0556-.3340 (Figure 4b)
In the thirty-minute trials, the same procedure was taken to calculate the EC50. The 
threshold value was 470 seconds, and the peeper was considered to show aversion if they spent 
less than 470 seconds on the test solution, and tolerance if they spent more than 470 seconds in 
the test solution (Figure 5a). The EC50 for the thirty-minute trials was 0.10 M NaCl (95%CI:
.01 14-.1585) (Figure 5b).
Activity/movement during trials
The proportion of time frogs spent in motion while in the test solution was positively 
correlated with test concentration for both experiments (P<.0001) (Figure 6). The proportion of 
time spent in motion while in the test solution also increased with trial length with a P-value < 
.0006. A count of the number of times each individual frog re-entered the test solution after
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initially exiting was taken for each of the trials (Figure 7a). The average amount of time spent in 
the solution upon re-entry was also calculated for each frog (Figure 7b). This was used as a 
measure of movement. A Bivariate Fit Test of number of times frogs re-entered the test solution 
and the effect of test concentration was performed and an ANOVA test found no significant link. 
Likewise, test concentration did not have significant effect on the average amount of time the 
peepers spent in the test solution upon each re-entry. Average time spent upon re-entry was not 
significantly different when comparing trial length of ten and thirty minutes. However, the 
Spring Peepers were significantly more likely to move back into the test solution when the trials 
were thirty minutes long than during the ten minute trials (P=.0002).
Mass change
Animals were weighed before and after each of the trials and changes in mass were 
assessed and compared for each concentration. There were size differences between populations, 
with the School of Conservation population had the largest frogs, on average, than the other two 
sites (Figure 8). We tested whether there was any connection between salinity tolerance and the 
size of the peepers. Body mass significantly affected the amount of time frogs spent in the 
solution (P=.0007). The frogs that initially had more mass were less likely to spend time in the 
test solution than the frogs that were lighter at the beginning of the trial.
There was a positive correlation between concentration of the test solutions and weight 
loss (P=.0075). Trial length also had a significant effect on change in mass; nevertheless, the 
frogs generally gained weight during the thirty-minute trial and lost weight during the ten-minute 
trials (P=.0503). Frogs did spend proportionately more time in the test solution during the ten- 
minute trials than they did during the thirty-minute trials. The variable with the biggest effect on 
mass change is total time spent in the test solution rather than the concentration of the NaCl 
solution. The more time that the individual spent in the test solution, the more mass was lost at 
the end of the trial (P<.0001).
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Potential confounding variables:
A test for the influence of run number was performed to see if there was any impact of 
the number of times a frog was tested on the experimental outcomes. There was no significant 
effect of run number on any of the data listed above except percent movement, which decreased 
with progression of runs (P= .0176). Run number was not significantly correlated with time spent 
in the solution or any other outcomes. Temperature was also analyzed as a confounding variable 
to the study and no significant link existed between any of the behaviors exhibited during either 
experiment.
Discussion
Response o f peepers to salinity
In this series of experiments, frogs spent less time in the test solution and showed 
heightened aversion as salinity concentration increased. Peepers demonstrated an EC50 of 0.225 
and 0.10 M in the ten and thirty-minute trials, respectively. In the ten-minute trials, frogs spent 
proportionately less time in motion while in the test solution than during the thirty-minute trials. 
Frogs spent proportionately less time in the test solution during the longer thirty-minute trials 
than in the ten-minute trials. This indicates that frogs can perceive salinity in their environment 
and take steps to avoid dehydration by moving to a less hypertonic solution. A certain amount of 
acclimation may be necessary and the frogs may require a period of time at or in a breeding pool 
in order to perceive the salinity.
The aversion results of this study postulate what is occurring in the field. After arriving 
at the breeding site, the frogs may notice the salinity of the pool and if it is beyond their tolerance 
threshold, they move on to other ponds. It has been well documented that salt intrusion affects 
amphibian embryos and larva (Karraker, Gibbs, and Vonesh 2008, Karraker and Ruthig 2009, 
Karraker and Gibbs 2011, Hopkins, French, and Brodie Jr 2013, Collins and Russell 2009, Sanzo 
and Hecnar 2006, Viertel 1999). Few studies have been published that assessed the response of
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adult amphibians to varying salinity (Collins and Russell 2009), however, the aversion results of 
this study do coincide with the breeding site choices in response to water conductivity that have 
been published in other studies (Viertel 1999).
Peepers showed a greater aversion reaction in the thirty-minute trials than in the ten- 
minute trials. Peepers avoided salinities above 0.2 M NaCl and spent decreasing amounts of time 
in the test solution between 0.1 and 0.2 M. This response demonstrates a tolerance threshold of 
between 0.15 and 0.2 M NaCl, which was similarly noted during the study with the newts 
performed by Kwasek (2011). The behavior of moving off of the test solution and assuming a 
WR (water absorption) stance is indicative of dehydration or potential for dehydration (Johnson 
and Propper 2000). P. crucifer showed very similar EC5oto the newts in Kwasek’s study (0.205 
M; 95% Cl: 0.155-0.268) (2011). The EC50 value for the frogs dropped during the thirty-minute 
trial, making those results less comparable to newts and more similar to red spotted toads 
(Hillyard et al. 2007).
The Peepers spent the most time in the test solution when the test concentration was the 
control or 0.1 M NaCl. Time spent in 0.1 M NaCl was less than the amount of time spent in the 
aged tap water (control) but was still reasonably high when compared to the other test solution 
concentrations. The internal osmolarity of frogs is roughly 250-300 mosM, making the test 
concentration of 0.1 M NaCl, a salinity that is hypo-osmotic to their internal osmolarity (Hillyard 
1976), while all other concentrations tested were hyperosmotic. This is also a concentration that 
is more realistic to find in nature, even in non-degraded habitats, due to mineral content in natural 
bodies of water. Hillyard (1999) determined that red spotted toads, preferred concentrations of 
0.01-0.05 M over deionized water. The Eastern spotted newt showed preference for low salinity 
levels (0.1-0.125M) over aged tap water, but expressed avoidance of concentrations higher than 
0.15 M NaCl (Kwasek 2011). This preference for dilute solutions of NaCl could be due to the 
frogs’ method of water intake. Amphibians must use active transport to take ions into their body 
which also allows water to flow into the body (Hillyard et al. 1999).
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Comparison to other species
Green frogs, Rana clamitans, breed in permanent pools, unlike other common NJ 
amphibians that breed in vernal pools. Karraker (2007) found that embryonic and larval green 
frogs show higher tolerance in low to moderate NaCl concentrations than their vernal pool 
breeding comrades. Green frogs had relatively high survivorship in moderate (up to 1500 pS) 
levels of NaCl (Karraker 2007). The origin of green frogs (permanent pools) differs from many 
other previously studied amphibians such as A. maculatum and R. sylvatica which breed in vernal 
pools and show great sensitivity to sodium chloride when in their larval and embryonic forms 
(Karraker, Gibbs, and Vonesh 2008, Karraker and Gibbs 2011, Sanzo and Hecnar 2006). In this 
respect, origin could have influence on the reaction to salt concentrations.
Amphibians may show phenotypic plasticity or adaptation in response to exposure to 
increased salinity. For example, a study performed on Bufo calamita, found population variance 
in response to salt in the environment. B. calamita breeds in brackish and freshwater 
environments, and thus have modified their phenotype to withstand the stresses of salt intrusion. 
When brackish water juveniles were placed in fresh water, their survivorship was the same as 
freshwater frogs being kept in freshwater. Conversely, when freshwater juveniles were put into 
brackish water their survivorship decreased significantly. The toads that originated from saline 
environments had a 33% higher mean weight when grown in fresh water than the toads that were 
kept in saline water (Gomez-Mestre and Tejedo 2003). This experiment also noted a delay in 
metamorphosis in freshwater populations transplanted into a saline pool of 10 days. During an 
LC50 trial, the toads originating from brackish ponds showed higher osmotic-stress tolerance than 
those from fresh water. Whenever the water salinity was beyond a threshold value (of 10-11 g/1 
in this study) at the time of spawning, all individuals perished. However, when salinity was 
below that level, then genotypes from brackish environments had a stronger resistance than those 
from freshwater populations (Gomez-Mestre and Tejedo 2003).
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A Swedish study of Rana arvalis aimed to observe variation and adaption to acid stress 
tolerance. While this study was not investigating adaptation to osmotic stress, it did find a 
significant interaction between the pH of the pool of origin and the pH treatment. This 
interaction indicated that the population from an acidic pool had a two to three-fold higher 
survival rate at the lowest pH in the study than the frogs from the acid-neutral pools (SaNen, 
Laurila, and Merila 2003) indicating a local adaptation to acid-stress.
Effect o f salinity on mass change
There was a difference in average size between the peepers from different pools of origin. 
When observing Batrachoseps that there was a correlation between size and tolerance to salinity 
(Licht, Feder, and Bledsoe 1975). The frogs from the School of Conservation had the highest 
mass, with the Swartswood Forest Far Pool with smaller average mass, and finally, the 
Swartswood Forest Roadside Pool with the smallest sample of frogs. The peepers lost less mass 
in the thirty-minute trials than in the ten-minute trials which also coincides with the frogs 
spending less overall time in the test solution in the thirty-minute trial. This afforded the frogs 
more opportunity to rehydrate in the 30-minute trial; reducing loss of mass.
In the study, P. crucifer gained weight at higher concentrations of NaCl, which went 
against other findings in Eastern Spotted Newts (Kwasek 2011), however, the frogs did spend less 
time in the higher test solutions, which could have been linked to their weight gain at higher salt 
levels. When comparing weight gain in 0.0 M control and 0.1 M NaCl there was more weight 
gain at the 0.1 M solution than 0.0 M. It is probable that frogs are gaining weight at this 
concentration due to active ion transport pulling water into the body cavity with it. The weight 
gain at the higher salinities (0.3 M) could be due to more time spent in the control side of the test 
arena after being in contact with the test concentration and showing aversion earlier on in the run. 
It is possible that salt residue remained on the abdomen of the frogs when testing at that solution 
and upon entering the aged tap water side of the test arena, active uptake of salt facilitated 
osmotic uptake of water during WR behavior.
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Experimental design
The ponds of origin were evaluated for salinity (Table 1) and the findings went against 
expectations, with the Swartswood Forest Roadside Pool having lower Total Dissolved Solute 
(TDS) values than the Swartswood Forest Far Pool. The School of Conservation, considered the 
pristine site in this study, had the lowest TDS values of the collection sites, as expected. While it 
is uncertain why the vernal pool tucked back in the forest would have higher TDS and Cl- levels, 
it can be postulated that there is a difference in soil structure or rate of evaporation over the 
course of the year that may allow for salt accumulation in that site versus the roadside pool. The 
SWFRS pool is significantly larger and appeared to be deeper than SWFFP. The water depth at 
the roadside pool could result in the pool not completely drying out from year to year, therefore 
NaCl levels may not concentrate as they would in the shallower pool further into the forest.
In a study performed by Kaushal et. A1 (2005), rural waterways leading to Baltimore 
County (MD), the Hudson River Valley (NY), and the White Mountains (NH), they found 
substantial surges in the baseline concentration of chloride in these rural watersheds that have few 
roadways. Chloride concentrations some streams now exceed 100 mg/L seasonally. A salinity of 
that concentration is similar to parts of the Hudson River estuary (Kaushal et al. 2005). The 
concentration of the seasonal fluxes of rural streams discussed in the Kaushal et al. paper (2005) 
are comparable to the concentration of the roadside pool we tested at Swartswood State Forest. 
The School of Conservation had a much lower salinity than that found in even the rural streams 
studied in the Kaushal et al. (2005) paper, but the intermediate pool, Swartswood Forest Far Pool, 
had much higher salinity than the rural streams and the pools sampled in this study. More urban 
pools, however exhibit significantly higher salt level (Novotny 2008).
The ten-minute and thirty-minute trials had different outcomes for aversion. Previous 
studies of amphibian response to salt that have been performed focused on ten-minute trials 
(Kwasek 2011; unpublished data). Through this study, it was discovered that longer trials may be
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necessary in order to get a more accurate perspective of what occurs in nature and allow a more 
genuine behavioral response than a ten-minute trial may.
While there is understandably concern of a repeated measures design creating potential 
for a learned response to the test solution and thus affecting outcomes, the data analysis showed 
no significant correlation between run number and the amount of time the frogs spent out of the 
test solution. Consequently, it is believed there was no true learning taking place during this 
study that would present itself as preference for the 0 M side of the trial arena. Furthermore, the 
test side was randomized each run, so frogs were presented with a different scenario each time so 
as to avoid sidedness influencing the results. Another potential confounding variable could be 
temperature. Despite all efforts to maintain constant temperature, there were still fluctuations in 
the laboratory setting. An ANOVA test was run to evaluate any influence of temperature on 
weight loss or movement during the study and there was no association between the variables. 
Ecological consequences
The peepers’ response to salt demonstrates that there is an active perception of salinity 
and a decision to move away from the stressor. The response to salt could mean that the frogs 
may decide to leave pools that have high salt content and go to another, if there is another nearby. 
If frogs are unable to migrate to a different pool, there is a risk that they will lay their eggs in the 
pool despite the high salt, possibly skip breeding, or die trying to find a new site.
Amphibians are considered to be an indicator species in relation to water quality. If road 
salt application continues to rise, the amphibian populations will face higher embryonic and larval 
mortality and possible adult behavioral shifts. Amphibians will continue to dwindle in number 
and local extirpation of some species could be likely. Frogs are now indicating the risks 
associated with high NaCl concentrations in the water, and there are health risks for humans as 
well. As salt seeps into our ground water, it is affecting the quality of our drinking water.
Humans need to maintain sodium at homeostatic levels in the body. Water that is high in salt can
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affect those with hypertension and could potentially cause an imbalance in electrolytes in the 
human body. Excessive salt also stresses flora and could cause a shift in plant communities. 
Future studies
Though this study failed to support adaptation of local populations to salt encroachment, 
there is much more research yet to be done in regards to behavioral changes in adults when 
selecting a breeding ground. Many studies have shown the implications of salt on juveniles and 
embryos, but few study the physiological and behavioral effects of this pollutant on adult 
amphibians. More research needs to be conducted using adult amphibians as subjects of the 
study. A study that observes the effects of growing in a saline environment, by breeding adults 
and evaluating the offspring from embryo to adult, and through subsequent reproduction, would 
allow for further understanding of just how much origin affects tolerance while being able to 
control for confounding variables as best as possible. This type of study would also allow 
observers to see the complete effects of adult breeding site preference on offspring.
Summary/conclusion
One goal of this study was to evaluate the effect prior salt exposure of a population on 
salt tolerance. When assessing the origin of the frog populations the average mass of the frogs 
from each pool of origin was calculated and the amount of time spent in the test solution was 
compared to mass and pool of origin. Origin played minimal role in the tolerance outcomes for 
the frog populations. Origin showed no significance when compared to the total time in values. 
Since the hypothesis of this study predicted that frogs from a more urban or roadside environment 
would show less tolerance due to previous experience with NaCl in their breeding pools, this 
finding of origin not effecting the time spent in the test solution means that this study supports the 
null hypothesis; origin had no effect on response to salinity. However, power to detect 
differences was low and all three pools had relatively low salinity. Comparisons of populations 
with greater differences in salt exposure might reveal differences in tolerance.
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Larval frogs may be at risk if their parents do not show aversion to moderate salt 
concentrations. In a previous study performed by Hazard, Kwasek and Conforti (unpublished 
data), larval wood frogs were exposed high concentrations of NaCl, which had lethal 
consequences and low concentrations had sub lethal effects. The level at which the NaCl 
concentration reached the LD50 was 0.025 M. Adult frogs may not show behavioral aversion to 
salt concentrations at which their offspring could perish.
Overall, spring peepers show behavioral reactions to salinity. There seems to be a link 
for length of time they are subjected to a salinity and their aversion. It may take adult frogs 
longer than just a few minutes during spawning to perceive the salinity of a pool, especially if 
they are calling from the pool or lake’s edge and are not burrowed under peat or leaf litter in the 
water. Ultimately, the frogs showed aversion at a salt concentration that may be too high to allow 
for healthy growth of tadpoles if P. crucifer has physiologically similar tolerance to that of wood 
frog larva from previous studies.
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Figures
Figure 1: Test arena where P. crucifer underwent ten and thirty-m inute choice trials to test 
aversion to salt.
27
trial length (minutes) 
—  30 
— 10
Figure 2: Total time (seconds) spent by spring peepers (.Pseudacris crucifer) in NaCl solutions of 
varying concentration during ten-minute and thirty minute choice trials. Dashed lines indicate 
trial lengths (seconds).
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Figure 3: (a) Total amount of time (sec) populations of spring peepers spent in the test 
concentration during the ten-minute trials (School of Conservation-SOC and Swartswood Forest 
Roadside Pool-SWFRSP). (b) Total time (seconds) that each population of spring peepers spent 
in the test concentration during the thirty-minute trials. Populations: School of Conservation 
(SOC), Swartswood Forest Far Pool (SWFFP), and Swartswood Forest Roadside Pool 
(SWFRSP).
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Figure 4: (a) The aversion o f spring peepers (P. crucifer) to various concentrations of 
saline water during the ten-minute trials. One (1) and 0 (zero) are binary values for 
tolerance and aversion, respectively. The green line reflects raw data while the blue line 
represents the log o f the data, (b) EC50 (Effective Concentration-50), at which 50% of the 
spring peepers (P. crucifer) test animals showed aversion to the test solution during the ten- 
minute trials. EC50 =0.225 (P=.0013; 95% Cl: .0556-.3340).
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Figure 5: (a) The aversion o f spring peepers (P. crucifer) to various concentrations o f 
saline water during the thirty-minute trials. One (1) and 0 (zero) are binary values for 
tolerance and aversion, respectively. The green line reflects raw data while the blue line 
represents the log o f the data, (b) EC50 (Effective concentration-50), where 50% of the
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test animals showed aversion in the thirty-minute trials. EC50= 0.100 (P=.0019; 95% Cl: 
.0114-.1585)
Figure 6: Activity of spring peepers (Pseudacris crucifer) exposed to NaCl solutions of varying 
concentration.
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Figure 7: (a) The average number of times spring peepers moved back into the test solution 
after initially moving into the control during each of the trial lengths, (b) The average amount 
of time spring peepers spent in the test solution upon re-entering.
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Figure 8: The mean mass of spring peepers (P. crucifer) from each study location, School of 
Conservation (SOC), Swartswood Forest Far Pool (SWFFP), and Swartswood Forest Roadside 
Pool (SWFRSP).
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Tables:
Table 1: Conductivity o f habitats (pools of origin) in Total Dissolved Solids (TDS) and pS/cm
Pool Name Ave. TDS Ave. pS/cm
Pristine Pool 27.3 56.26
Intermediate Pool 198 405
Roadside Pool 99 202.23
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